Introduction
A prerequisite in the rise of the first state societies seems to have been the development of complex farming systems involving labourintensive irrigation, in which cereals and grain legumes were usually the main crops (Redman, 1978; Harlan, 1992) . Ancient irrigation is, however, often difficult to identify directly because of the destruction of associated ground structures. As an alternative, other methods have been proposed to assess irrigation. One indirect method takes into consideration the development of seeds; for example, from the size of charred *Author for correspondence. flax seeds which may occur in an archaeological assemblage of plant remains (Helbaek, 1960) . A more direct method for identifying ancient irrigation is based on the increased deposition of silica in cereal plants when they grow under irrigation. Comparison of the resulting distinctive characteristics of the phytoliths produced by crops under irrigation with rainfed ones has recently been proposed as a method to assess the presence of ancient irrigation in cereal cultures (Rosen & Weiner, 1994) . Phytoliths (particularly multicelled) from cereal husks are among the most abundant and most easily identifiable phytoliths from postPleistocene archaeological sites in the Mediterranean Basin (Rosen, 1992) . However, this method is very time-consuming (Rosen & Weiner, 1994) . In addition, variations in the evapo-transpiration rate (Walker & Lance, 1991) and in the level of silica borne by the irrigation water (Blackman, 1968 ) strongly influence phytolith production. Furthermore, this method is not applicable to other major crops such as grain legumes.
As an alternative method to evaluate the occurrence of ancient irrigation, the measurement of carbon isotope discrimination ( ) in cereal grains from archaeological sites is proposed. For C 3 plants, such as wheat or barley, of mature grains constitutes an integrated record of the ratio of intercellular to atmospheric partial pressure of CO 2 (p i /p a ) and thus of the wateruse efficiency (ratio of dry matter gained to water lost: WUE) of these plants during grain filling (Farquhar & Richards, 1984; Farquhar, Ehleringer & Hubick, 1989; Araus & Buxó , 1993) . WUE in turn is strongly affected by water status during growth. Both decreased water availability and increased evapotranspiration cause lower in kernels because of their effects on stomatal conductance or photosynthetic capacity (Farquhar & Richards, 1984; Romagosa & Araus, 1991; Condon, Richards & Farquhar, 1992) . Therefore, from the analysis of of grains it should be possible to infer water status during grain filling. The interpretation of values from archaeological samples should, however, be treated with caution (van der Merwe, 1982; Marino & DeNiro, 1987) . When water status is evaluated, one possible area of confusion is that greater rainfall might produce the same effect on as irrigation. The likelihood of this is decreased if one considers that, except for very severe drought conditions, most of the assimilates stored in the grains of cereals come from photosynthesis during grain filling (Araus & Tapia, 1987 ; see also references in Hay & Walker, 1989) . In the western Mediterranean basin this period (from anthesis to maturity) covers 4-6 weeks (in April and May) for barley, and 5-6 weeks (in May and June) for wheat, and is characterized by the lowest rainfall and the highest evapotranspiration of the entire plant cycle. Therefore, for the ecophysiological conditions of the Mediterranean basin, the measurement of from kernels could be a rapid method of establishing whether irrigation was practiced on cereal cultures, particularly in marginal farming areas with relatively low rainfall. Of course, an inherent limitation of the approach would be the difficulty of distinguishing with certainty low (i.e. suboptimal) levels of irrigation from the existence of a wetter climate in the past or the utilization of naturally wetter soils.
In this paper, the method is applied to investigate whether ancient irrigation was practiced in the southeast Iberian Peninsula. Whereas in the Near East, irrigation has been inferred archaeologically from the early stages of civilization (Helbaek, 1960) , indirect evidence for irrigation in the western Mediterranean basin is scarce and inconclusive until the Roman period. Currently, there is a strong debate about when irrigation started in the south-eastern part of the Iberian Peninsula (Spain), one of the regions of the western Mediterranean basin in which advanced social structures first appeared. Although there is agreement among archaeologists that irrigation in the south-east of Spain spread after the end of the 3rd millennium , no clear picture emerges from earlier times. In this context some of the current theories adduced to explain the strong cultural development of the southeast of the Iberian Peninsula during the Copper and Bronze Ages (5th and 4th millennia ) have placed great importance on the control of the environment, because attempts to control it (for example, by hydraulic works) could lead to an organized (i.e. hierarchical) society. Both Gilman (1976 Gilman ( , 1987 and Chapman (1978 Chapman ( , 1990 , from different theoretical approaches and on the assumption that the environment has not changed substantially, propose that intensive agriculture based on irrigation was necessary to maintain a growing population in an arid zone such as the south-east of the Iberian Peninsula. They point out that water control and hydraulic works such as irrigation channels, canals, dams and cisterns were among the most valued elements in these societies. However, the occurrence of irrigation at these times remains controversial (Ramos, 1981; Rodríguez-Ariza, 1992) . Indeed, several alternative explanations of the origin of the social hierarchy in this region, as an adaptative response to an unfavourable environment, have emerged in recent years (Lull, 1983; Molina, 1983 Molina, , 1988 Nocete, 1989; Vicent, 1990) .
In the present study, a large set of kernels of durum wheat and hulled and naked barley, from different archaeological sites in the south-east of the Iberian Peninsula (eastern Andalusia and La Mancha), dating from the late Neolithic to the Iron Age (from the 7th to the 3rd millennia ) were analysed. For some archaeological sites (whenever possible) grains of faba bean were also analysed. Durum wheat, hulled and naked barley, and faba bean are the crops most commonly found in the late Neolithic and Chalcolitic periods of south-eastern Spain (Buxò , 1993) .
Materials and Methods

Plant material
Samples of seeds of different cereals were analysed: durum wheat (Triticum durum Desf.), including T. aestivum/durum (after van Zeist, 1976) , hulled barley (Hordeum vulgare L.) and naked barley (Hordeum vulgare var nudum L.). For some archaeological sites, grains from a legume species, faba bean (Vicia faba L.), were also measured. When possible, samples from archaeological sites consisted of at least five cereal kernels or two faba bean grains per sample. These were found in a carbonized state and were gathered from excavated dwelling places. Samples were cleaned as reported elsewhere (Araus & Buxó , 1993) . In addition, samples (at least 5 g per sample) from contemporary crops (1994) were taken from a set of 10 landraces (''old varieties'') of hulled barley and size of wheat still cultivated near several of the archaeological sites in eastern Andalusia. Faba beans cultivated near three of the sites were also sampled.
The archaeological sites are located in the south-east of the Iberian Peninsula, on high plateaus and near the sea. Most of them are in eastern Andalusia but three are at La Mancha (Figure 1) Chronology of archaeological samples, in years before the present (), was based on stratigraphic relationships and radiocarbon ages. Radiocarbon determinations were performed at Teledyne Isotopes (Westwood, NJ 07675, U.S.A.), the Radiocarbon Laboratory of the University of Claude-Bernard Lyon 1 (69622 Villeurbanne, France) and the Laboratorium voor Natuurkunde (Centre for Isotope Physics of Groningen, Netherlands). Calibrated ages were determined according to Stuiver & Reimer (1986) R being the 13 C: 12 C ratio. A secondary standard calibrated against Peedee belemnite (PDB) carbonate was used for comparison. Sample sizes of 5-10 mg were used. The precision of analysis was less than 0·10‰. The percentage of carbon in the samples was also determined using a C/N analyser with atropine as a standard.
First the effect of carbonization (if any), on 13 C of fossil grains was evaluated as described previously (Araus & Buxó , 1993) . The first approach was to study the relationship between 13 C values of archaeological kernels and their relative carbon content (%C). Although there was a positive trend, no significant correlation was observed either for the set of wheat samples (r=0·17, N=33), or for the hulled and naked barley samples together (r=0·18, N=47), between 13 C and carbon content. This lack of correlation contrasts with a previous report of a correlation between 13 C and relative carbon content in archaeological grains from Catalonia (Araus & Buxó , 1993) . In addition, the slope of the fitted equation was much lower for samples from the south-east Iberian Peninsula (the coefficients of %C were 0·031 and 0·037 for durum wheat and barley, respectively) than for those of Catalonia (0·084 and 0·143). The second approach was to evaluate experimentally the effect of carbonization on kernels. Present-time kernels of barley and wheat landraces (i.e. ''old varieties'') cultivated in Andalusia were placed for 15, 30, 40, 60, 105 and 120 min in an electric oven, attaining a maximum temperature of 400 C. Grains were carbonized under two conditions: either covered with aluminum foil or uncovered in order to simulate different cooking conditions (Marino & DeNiro, 1987) . They were then analysed for 13 C and total carbon content. The corresponding intact kernels were also analysed. For both the treatments assayed (covered and uncovered grains), oven-carbonized kernels of barley and wheat, compared with intact samples, showed an increase in 13 C of about 0·12‰ for each 1% increase in carbon content, up to increases of Barley rainfed (sites a, b, c, d, f, g, h) 1994
*Year of grain filling. †Values are given to indicate maximum range of observed in the study. The number of genotypes in the study is indicated in parentheses. ‡Sowing season §Water received throughout all the crop cycle. ¶Irrigation support. 0Spring wheat growing in containers, under glasshouse conditions. Details of the mean, and the range of values of and the location are given. Wherever possible additional data on the water status of the crop during the grain filling are provided. GF-water is the water apportioned (either rainfall alone or rainfall plus irrigation) during grain filling, respectively. SCSBC is the evapotranspiration accumulated during grain filling calculated from the maximum and minimum daily temperatures during this period. The barley data from Spain comes from the Spanish Official Variety Recommendation Trials and cultivations at the Experimental Fields of the University of Barcelona. Part of the data have been already published and there are also pers. comms. In addition, mean values of from current crops (1994) of hulled barley and wheat landraces and faba bean cultivated close to the ''nuclear'' archaeological sites of eastern Andalusia considered in this work (basically from Baza and Guadix basins; see sites in Materials and Methods) are also reported. For crops under irrigation, some values from irrigated crops cultivated under climates other than Mediterranean are also included.
5% beyond the relative carbon content of noncarbonized grains, and a decrease in 13 C thereafter (Figure 2 ). This pattern of change in 13 C, related to a progressive carbonization, could be explained on the basis of a sequential change in grain constituents. Changes (in archaeological specimens) due to carbonization would produce an initial decrease in the lipid content (among other components) in those samples, thus decreasing their 13 C values. It is known that starches and sugars tend to have similar 13 C:
12 C ratios to those of the carbon initially fixed in photosynthesis, whereas cellulose and hemicellulose tend to be ''heavier'' by approximately 1-2‰ and lipids ''lighter'' by up to 15‰ (Farquhar, Ehleringer & Hubick, 1989; Boutton, 1991; Ehleringer, 1991) .
This experimental pattern of the relationship between increases in 13 C and carbon content of the carbonized samples (Figure 2 ) could explain the lack of a significant correlation between 13 C and %C for these archaeological samples and the low slope of the fitted equation. Thus, %C of kernels from the archaeological sites of the south-east Iberian Peninsula was markedly higher (mean  of 47·2 0·9% and 47·1 0·8% for durum wheat and barley, respectively) than values reported for kernels found in Catalonia (40·5 0·9% and 44·2 0·8%, respectively). Whereas for kernels found in archaeological sites of Catalonia, %C would be placed well in the positive zone of the relationship of Figure 2 , those of the south-east Iberian Peninsula are placed in both the positive and negative zone of the relationship, around the maximum increase in 13 C (corresponding to %C values of 45-48%). The differences between regions in %C of archaeological kernels could be due to a differential preservation of samples, related either to climate conditions and/or the manner in which they were found at the site, or by the cause of carbonization. In fact morphology of carbonized kernels from archaeological sites of the south-east Iberian Peninsula appears less altered than that of kernels from Catalonia. Thus archaeological sites in the south-east Iberian Peninsula are somewhat drier than those of Catalonia, and kernels appear more frequently in archaeological deposits.
Due to the lack of significant correlation between 13 C and %C of archaeological kernels and the small coefficient from the %C variable, the 13 C of kernels was not corrected for carbonization. In fact, Marino & DeNiro (1987) reported that the carbon isotope ratio was conserved during various food-processing steps, carbonization included, and it therefore reflects values in vivo.
Discrimination ( ) against 13 C relative to air was calculated from a and p where a and p refer to air and plant respectively; as follows (Farguhar, Ehleringer & Hubick, 1989 ):
On the PDB scale, a currently (1993-1994) has a value of approximately 8·00‰, whereas for 1989-1990 the value of a was 7·85‰ (Keeling et al., 1989) . For calculation of values of grain samples from the Neolithic to the Iron Ages, a values were inferred from the work of Marino et al. (1992) as reported elsewhere (Araus & Buxó , 1993) . (Romagosa & Araus, 1991; Condon, Richards & Farquhar, 1992) . Thus, under the usual rainfed conditions in the western Mediterranean basin, the relatively low precipitation . Effects of carbonization in carbon isotope composition ( 13 C) and total carbon content (%C) of wheat and hulled barley grains. For both parameters values presented are the differences between carbonized and intact grains. Carbonization was performed at different times. Thus wheat and hulled barley grains of presenttime (1994) rainfed crops cultivated in Andalusia were placed for 15, 30, 40, 60, 105 and 120 min in an electric oven, attaining a maximum temperature of 400 C. Grains were carbonized under two conditions: they were either covered or uncovered with aluminum foil. They were then analysed for 13 C and total carbon content. The corresponding intact kernels were also analysed. Fitting curve was derived fitted to a third degree polynomial equation. : Wheat covered; : wheat uncovered; : barley covered; : barley uncovered.
Results and Discussion
Relationship between of kernels and water status during grain filling
and high evapotranspiration at the time of grain filling led to significantly lower values in mature kernels than in those grown under irrigated conditions (Table 1) .
The relationship between of barley kernels and water status during grain filling under Mediterranean conditions was studied in more detail. For a subset of 25 different environments (locations and time of year of culture; see Table 1 ) corresponding to the Western Mediterranean area in Spain, the correlation between of mature kernels of barley and the precipitation (plus irrigation if applied) and the evapotranspiration during grain filling was studied. For each environment the value used in the correlation was the mean of 10-14 barley varieties corresponding to the Official Variety Recommendation Trials. Duration and timing of barley grain filling under Mediterranean conditions were determined on the basis of those recorded during the trials, as well as of the information published (Ramos, García del Moral & Recalde, 1982; Romagosa & Araus, 1991) . Thus, total precipitation during grain filling was calculated as the overall rainfall (plus irrigation) during April plus the first half of May (autumn sowing) or during the second half of April plus May (winter sowing). Total evapotranspiration for the same period was calculated from the mean maximal and minimal average temperatures by using the PC-program ETO (Snyder & Pruitt, 1991 ) version 1.04 (revised in February, 1994 . Carbon isotope discrimination of kernels from recent years was positively correlated with accumulated precipitation during grain filling. Differences in precipitation (on a logarithmic scale) among environments explained 73% ( =9·99+ 3·50 log (water received during grain filling); r 2 =0·73) of the variability observed in the of mature kernels. When the effect of evapotranspiration was added (by multiple regression) to that of precipitation, both parameters combined explained only 74% of variability in of kernels. The low variability in evapotranspiration among the environments considered (Table 1) could explain the absence of a higher effect on . The results of Stewart et al. (1995) showing a strong (linear) correlation (r 2 =0·78) between annual rainfall and 13 C across a set of 12 plant communities also support the usefulness of 13 C (or ) as an indicator of moisture availability.
From the equation fitted above it is possible to calculate, for a given barley crop, cultivated in the same area, the amount of water received during grain filling by using the corresponding value of mature kernels ( Figure 3) . Thus, for example, for a barley crop with a value of 18‰ the total water received during grain filling should be 194 mm. This amount of water is far more than the usual reported precipitation under Mediterranean conditions during this period (no longer than 6 weeks) of spring. Thus, present-time precipitation was estimated in each case from historical (means of the 10-40 years before 1980) records of rainfall from the closest meteorological station of the Spanish National Network to each archaeological site (Atlas Agroclimático Nacional de Españ a, 1986). The mean  accumulated precipitation during April plus Table 1 . For a given archaeological site the amount of water apportioned during the grain filling of barley crops was calculated using all the values of kernels of hulled and naked barley reported for this site in Table 2 the first half of May for the set of archaeological sites where hulled barley was found was 60 4 mm.
Any condition in-between rainfed and full irrigation (i.e. irrigation support) would produce kernels with values below that of full irrigation. However, seems to depend on the water accumulated during grain filling on a logarithmical basis. Therefore, values slightly lower than those reported as typical or irrigated crops under Mediterranean conditions will be associated with considerably lower amounts of water during grain filling. For example, a value of for barley of 17·5‰ (i.e. 0·5‰ lower than that typical of irrigated grains) will correspond to an amount of water during grain filling about 30% lower than that of irrigated crops.
It may be argued that there is a risk inherent in using present vegetation-climate relationships to reconstruct past water status from the archaeological record. In this regard, the direct effect of changing atmospheric CO 2 level on the relationship between precipitation and grain should be considered. Thus, Beerling & Woodward (1993) working with Salix herbacea leaves suggest that an increase in CO 2 from the Last Glacial Maximum (16,500 ) to present times has involved a decrease in values due to a decrease in stomatal conductance. However, the available data are scarce and scattered and the coefficient of determination (r 2 ) for the correlation between and the stomatal conductance explains less than 30% of the variability of throughout this 16·5 ka period. In long-term experiments, it has been reported that the p i :p a ratio (calculated from leaf 13 C values) remained constant in a cereal plant such as oats grown at mean CO 2 partial pressure from 160 to 330 bar/bar, and for wheat it increased only slightly (about 4%) from 225 to 350 bar/bar (Masle, Farquhar & Gifford, 1990; Polley et al., 1993) . In fact, co-ordination of stomatal and mesophyll functions minimizes variations in p i :p a in C 3 species (Wong, Cowan & Farquhar, 1979) grown over a range of CO 2 partial pressure characteristics of the Last Glacial Maximum-to-present atmospheric concentrations (Polley et al., 1993) . Therefore, for the present work we considered that changing p a values from 270 bar/bar, prior to industrialization, to a present-time value of 355 bar/bar would not affect the p i :p a ratio per se, nor, based on the model of Farquhar, Ehleringer & Hubick (1989) , the carbon isotope discrimination. In fact this model predicts that changes in are brought about through changes in p i :p a (see equation 1). Another source of uncertainty could come from changes in cultural conditions and in genotype from past to present-time crops. For example, it is difficult to establish how well grain filling periods in former millennia would coincide with those of the present. ''Older'' genotypes may have been later flowering, although duration of grain filling should be almost unchanged, if trials with old and new cultivars are a guide. If so, the climate conditions during grain filling in former millennia may have been drier, with higher vapour pressure deficit (because grain filling would occur late in the season). Therefore, the value of would tend to decrease for a given amount of water. Although information is scarce, other physiological differences related to plant performance and water status between old (i.e. before our era) and new cultivars could be small (Amir & Sinclair, 1994; Blumler, 1994) .
Absence of irrigation on cereal cultures
Some archaeological evidence of irrigation has been proposed for several archaeological sites in eastern Andalusia, such as Los Millares (4500 ) and Cerro de la Virgen (4000 ) (Chapman, 1978; Gilman & Thornes, 1985) . From this indirect evidence, irrigation for cereal cultivation during the Los Millares and Argar cultures has been proposed. However, except for samples from Motilla del Azuer (Daimiel, La Mancha region), Cuesta del Negro (Purullena, Granada) and, particularly, from Peñ alosa (Bañ os de la Encina, Jaén), kernels from all the other archaeological sites studied showed values of for barley clearly below 18·0‰ and 17·5‰ for wheat (Table 2) . But even for two of the sites showing high of barley, Cuesta del Negro and Motilla del Azuer (sites i and l in Figure 3) , there was only one sample of barley available (site i) or with higher than 18‰ (site l), and those of wheat were markedly lower (Table 2) . Calculated values for water accumulated during grain filling of barley ( Figure 3 ) were 187 mm, 190 mm, and 255 mm in Motilla de Azuer (l), Cuesta del Negro (i) and Peñ alosa (j), respectively, whereas in sites such as Cerro de la Virgen (f) and Los Millares (d), values were 119 mm and 79 mm respectively. Two of the archaeological sites (l, j) showing high values are far from the nuclear areas where Copper and Bronze cultures of the south-east of the Iberian Peninsula developed. At least the Peñ alosa site is located within the former areas with abundant water sources, which supports the possibility that the water level in the soil (i.e. the soil water table) may have been high enough to allow the roots to reach it. In this regard, it has been reported that roots from developed cereal plants can achieve depths of several metres (Hay & Walker, 1989) . A high water level in the soil could explain, in turn, such high values in the absence of irrigation. Indeed, if the information on early agricultural sites in the Near East (Bar-Yosef & Kislev, 1989) may be considered as a guide, it could be assumed that cultivation whenever possible was based on sowing on alluvial fans and terraces as well as on the edges of freshwater swamps where the water table was always high and the soil fertilized by silt deposited by periodic floods. However, as yet there is no evidence for irrigation (Bar-Yosef & Kislev, 1989) .
In this regard, Ramos (1981) , among other authors, explains the demographic increase in the south-eastern Iberian Peninsula at this time in terms of a strong development of extensive rainfed agriculture, made possible by the occupation of new lands. In addition, he suggests also that the environment was much wetter than now, and therefore that rainfed farming was possible. Indeed palaeoecological analysis of archaeological sites located at the Baza and Guadix basins, Granada (sites g, f, e, h and d in Figures 1 & 3) suggests that the environment was wetter during the 5th and 4th millennia  than at present. The bioclimate was meso-mediterranean and total annual precipitations may have ranged from dry (350-600 mm) to subhumid (600-1000 mm), as opposed to the present-day pattern of semi-arid (200-350 mm) to dry (Rodríguez-Ariza, 1992) . In fact, mean values of fossil kernels from archaeological sites of the Baza and Guadix basins (Table 2) were higher than the current of the same crops cultivated under rainfed conditions in this area of eastern Andalusia and used in the carbonization studies (Table 1) . Thus, the mean  value of kernels for a set of 13 landraces of hulled barley and wheat harvested in 1994 in this area was 15·15 0·23‰. In the same way, recent results suggest that rainfall in south-eastern Spain is decreasing through this century (see references in Puigdefábregas, 1992) . Alternatively, as pointed out above, the exploitation of naturally wetted soils (without evidence of irrigation) is largely evidenced in early agricultural sites (Bar-Yosef & Kislev, 1989) . However, although values of archaeological kernels were higher than those of kernels cultivated at present due to the existence of wetter conditions, they were still lower than typical values of irrigation (Table 1) . For example, a precipitation during grain filling of 120 mm, which is double the mean precipitation from present-time recordings during the same period in the meteorological stations closest to the set of 10 archaeological sites where hulled barley kernels were found, gave a value of 17·28‰. Even this value is higher that the mean values of for barley kernels found at most of the archaeological sites (Table 1) .
For the set of archaeological sites where faba bean grains were found, values of were significantly (P<0·05) higher than those of either durum wheat or barley kernels (Table 2 ). The mean value across sites was about 1‰ higher for faba bean than for cereals. Differences in between legumes and cereals could be explained (at least in part) in terms of the differences in growth pattern. In fact, cereals are determinate plants, in which growth of grains occurs during the last period of the crop cycle, when drought usually develops under Mediterranean conditions. In contrast, grain legumes, such as faba bean, are indeterminate plants, in which growth of successive pods is expanded through most of the crop cycle, starting from late winter when water stress is absent. Therefore, for faba bean, most seeds may develop under a better water status (i.e. more water available and/or less vapour pressure deficit). As pointed out before, both decreased water availability and increased vapour pressure deficit cause a lower in plant material (Condon, Richards & Farquhar, 1992) .
On the other hand, the possibility that legumes were irrigated, even when cereals were cultivated under rainfed conditions, should be not ignored. Indeed values of faba bean were quite constant across the archaeological sites, in spite of the large (and fairly similar) gradient of exhibited along the set of sites for wheat and barley (Figure 4 ). In addition, values Table 2 . Whereas correlation between of wheat and barley (hulled and naked grains together) was significant (r=0·69, P<0·01) with a slope of the fitted equation (solid line) close to 1, no significant correlation (broken line) existed between wheat and faba bean values, with a fairly horizontal slope (broken line). Data suggest that values of faba bean remained high and relatively steady throughout the sites studied, independent of the rainfall conditions of those sites. : Hulled barley; : naked barley; : faba bean. of for faba bean grains (Table 2 ) are similar to those measured in present day irrigated crops near the ''nuclear'' archaeological sites (Table 1) . If we attend to the relative frequencies of grains from different crop species found in these archaeological sites, it can be inferred that the area under grain legumes would be very small compared with that of cereals. Therefore, such small irrigated areas would be more feasible. Intensive (i.e. under irrigation) cultivation of faba bean could ensure a basic protein source in the human diet as legumes are high in protein, and their amino acids neatly complement those of the cereals (Heiser, 1990) .
Conclusions
In summary, except for faba bean at some sites, results do not support the existence of irrigation practices in the south-east of the Iberian Peninsula from the beginning of agriculture (about 7000 ) to the Iron Age (2400 ). It can be assumed that the water requirements of these crops were met by virtue of the existence of a more humid climate (or naturally wetted soils), although the conditions were far below full irrigation.
